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SUMMARY REPORT

Accurate Stress Intensity Factor Solutions for Unsymmetric Corner
Cracks at a Hole Subject to General Loading

EOARD Supported Research

Reference: SPC 024023

Date: Feb 26, 2004

Background

In fatigue design of aircraft structures so called stress intensity factor data (K) are needed
for cracks of various sizes. One of the most important geometries is small-cracks located
at rivet holes in the aircraft skin.

It was recently shown that the few (i.e. of order hundred) existing numerical solutions
have errors ranging from 2% up to 40%, which is unacceptably large [1].

The need for accurate K-data, and, for a larger parameter range motivated the present
research.

In the present work (Ref: SPC 024023) about 5 million new solutions have been derived
with a guaranteed relative error below 1%. Novel mathematical/numerical methods were
used in the project.

Crack geometries considered

The figure below shows the geometries studied (Note: wedge angle used is 0 degrees
and b=t). There are two quarter elliptical cracks at the hole boundary. More detailed
technical results from the present project are reported in [2]. For a method description,
see [3].
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Figure 1 Two Unsymmetric Corner Cracks at a Cylindrical Hole

Hole Geometry
Cylindrical hole with radius R=D/2 (countersunk angle = 0°)
b/t=1.0

Part-Through Elliptical Crack Sizes

The following parameter sets were analyzed.

ai/c;=0.1,0.111, 0.125, 0.1428, 0.1667, 0.2, 0.25, 0.333, 0.5, 0.667, 0.75, 0.80, 1.0, 1.25,
1.333,1.5,2.0,3.0,4.0, 5.0, 6.0, 7.0, 8.0, 9.0, 10.0

a/t=0.1,0.2,0.3,04,0.5, 0.6,0.7, 0.8, 0.9, 0.95, 0.99

rt=0.1,0.111, 0.125, 0.1428, 0.1667, 0.2, 0.25, 0.333, 0.5, 0.667, 0.75, 1.0, 1.25,1.333,
1.5, 1.666, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0, 9.0, 10.0

In the present work, R=2 units and W=200 units were used in the numerical calculations.
For other dimensions, all K-data scales as the square root of (r/2), where r is the actual
radius.

Material data in the plate is isotropic with Poisson’s ratio 0.3.

For 25 r/t ratio’s, 11 a/t ratio’s, 25 different a/c ratio’s and three types of loading (tensile,
bending and wedge loading), the total number of K -solutions, in case of two cracks, is
25%11*25*25%*3= 5156250. The number of single crack solutions is 20625. For each of
the over 5 million solutions, the mode I, mode II and the mode III stress intensity factors
have been computed at 77 points at each crack front (hence, over 2 billion K-numbers are
stored in the stress intensity factor library).

Stress Intensity Factor Library




All computed K-data are today stored on the computer strato2 at the USAF Academy in
Colorado Springs, CO.

Summary

The work stipulated in the contract, Order Number F61775-02-WE023, has therefore
been completed.
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